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2015). The prevalence of Staphylococcus spp. in mastitis in dairy animals was 45% (95% CI: 39-50%) based on previous meta-analysis in India as reported by Krishnamoorthy et al. (2017) . During recent years, this bacteria has developed resistance to many antibacterial agents. One such example being methicillin resistant Staphylococcus aureus (MRSA) has mecA gene, which confers resistance and also encodes a penicillin-binding protein (PBP) with decreased affinity for β-lactam antibiotics. Additionally, MRSA continues to be resistant to all macrolides, aminoglycosides and tetracyclines (Khara et al., 2016) . Presence of Livestock associated-methicillin resistant S. aureus (LA-MRSA) in animals was first reported in 1972, in Belgium, from bovine mastitis samples, where MRSA was found to originate from humans (Devriese et al., 1972) . Widespread use of antibiotics in human, veterinary medicine and agricultural settings has played a significant role in the emergence of resistant MRSA clones due to selection pressure (Mehndiratta and Bhalla, 2014). Colonization of infection with this organism can be difficult to treat both in animals and humans.
Systematic review is done to solve the research question by reviewing the existing primary data available in databases, journals, etc. and without much cost in the study. Meta-analysis is a quantitative, formal, epidemiological study design used to systematically assess the results of previous research to derive conclusions about that body of research (Haidich, 2010) . The main objective of performing meta-analysis is to summarize and integrate results from a number of individual studies, analyze differences in the results among studies, overcome small sample sizes of individual studies to detect effects of interest and analyze end points that require larger sample sizes, increase precision in estimating effects, determine if new studies are needed to further investigate an issue and generate new hypotheses for future studies. The critical steps to be addressed in a meta-analysis studies are, identification and selection of studies, heterogeneity of results, availability of information and analysis of the data (Walker et al., 2008) . Number of studies reported the prevalence of LA-MRSA in animals in India, but it varied widely in different regions. There is need for systematic review and meta-analysis of studies on LA-MRSA prevalence in India. Hence, a systematic review and meta-analysis was carried to provide an estimate of LA-MRSA prevalence in livestock of India.
Materials and Methods

Study Strategy
Literature was collected for the period January 2010 to December 2017 using various search engines such as PubMed, J-GATE Plus, Consortium of e-Resources in Agriculture (CeRA), Indian Journals and Google scholar to retrieve the studies related to India, using the key words "MRSA", "prevalence", "India", "Animals" and "Milk". We also performed manual searches on citations retrieved from original studies and review articles. Studies that presented frequency count or prevalence or proportion of LA-MRSA isolates
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were included. The search was restricted only to studies published in English language in peer-reviewed as well as grey literature.
Study Selection
All the search results were limited to observational, non-randomized, case control studies conducted on healthy and clinically sick animals and its products. The studies were chosen based on the following inclusion criteria-1) They have to report the proportion of LA-MRSA prevalence, 2) Total number of animals tested, 3) Year of surveillance or year of study conducted and 4) Studies with standard confirmatory test such as antibiotic susceptibility testing by phenotypic and molecular methods. Studies such as case reports, review articles and outbreaks investigations were also excluded.
Data Extraction and Quality Assessment
Initially the abstract screening of articles on LA-MRSA was carried out from various literature sources.
Thereafter full length articles were collected and examined; two independent reviewers extracted the attributes or characteristics of each included study in a pre-defined data extraction format. These included year of publication, first author, geographical or study area, total number of samples, number of LA-MRSA positive samples and method used for confirmation of LA-MRSA. Any discrepancy in data extraction was resolved through discussion and consensus. The study quality was assessed by scoring defined parameters by simple scale system (Bian et al., 2015) . The parameters included werei) Was the research objective clearly described in the study? (Not clear=0, clear=1) ii) Was the population defined? (not defined=0, defined=1) iii) Was the sample size adequate? (sample size below 50=0, 50-100=1, above 100=2) iv) Was confirmation test used for identification of MRSA? (No confirmation test used=0, Confirmation test used=1) v) Was the sample collected from healthy animal or clinical case? (Clinical cases=0, healthy animals/environment=1).
Each study has the chance of maximum score of seven and studies that has score of four and above were considered for the analysis purpose.
Analytical Approach
The meta-analysis of prevalence of MRSA in animal in India was conducted using the R Open source Scripting software version 3.4.3. The R packages used for meta-analysis was meta. The Tau square test was conducted to assess the heterogeneity between the studies, evaluated by using Tau square ( 2 ) value and its level of significance (Borenstein et al., 2009; Krishnamoorthy et al., 2017) . Results of meta-analysis for random effect model were used if the heterogeneity between the studies was significant with higher  2 (Lean
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used to indicate the degree of heterogeneity between studies. If the I 2 value indicated considerable heterogeneity, the summary measures were combined across the studies using random effect model, assuming that the included study represents a sample from a larger population.
Strategy Adopted for Addressing Heterogeneity
Numbers of options were used in the present study to address the heterogeneity.
i) Checking the Correctness of Extracted Data: Errors in unit of analysis, proportion or prevalence of present study, may lead to severe heterogeneity because of incorrect extraction. ii) Exploring Heterogeneity: The cause of heterogeneity if present among the different studies have to be considered. The presence of heterogeneity, were validated by conducting analysis stratified by samples, region and year. iii) Performing Random-Effect Model: Fixed-effect meta-analysis ignores heterogeneity. Pooled effect estimate from a fixed effect meta-analysis is normally interpreted as being best estimate or prevalence. However, presence of heterogeneity suggests that, there may not be a single population estimate but a distribution of number of population effect. Thus using fixed-effect model may be erroneous and random effect model is used to incorporate heterogeneity among the studies. iv) Refining Studies: The presence of outlier studies with large τ 2 were excluded from study, in order to eradicate bias and unreliability.
Forest Plot
Forest plot, a method utilized to present the results of meta-analysis, displaying effect estimate and their confidence intervals for each study. Each study was represented by a square as a point estimate of the effect and a horizontal line extending either side of the block depicting a 95% confidence interval. The area of the block was proportional to the weight assigned to that study in the meta-analysis. Forest plots normally include the results of the overall effect from meta-analysis, normally at the bottom of the plot, in the form of a diamond to distinguish from the individual studies. The Q statistics were calculated as reported earlier (Krishnamoorthy et al., 2017) to assess the level of significance between the studies and to select either fixed effect model or random effect model.
Sensitivity Analysis
Sensitivity analysis was used to examine the effect of studies identified as being highly influential in the analysis. This sensitivity analysis was used to explore sources of heterogeneity in the body of the research.
The sensitivity analysis has been employed to detect the influential study, by omitting one study at each time.
Stratified Analysis
Stratified analysis has been frequently used to reduce the level of heterogeneity in the studies. The data was stratified based on the type of samples: clinical samples and samples from healthy animals. The studies Page184 mainly from mastitis milk, samples from clinical settings and wound samples. In healthy animals, the study samples included were nasal swab, skin swab, fecal, milk and dairy farm environment samples. There was significant heterogeneity (p <0.01) among the 21 studies. Therefore, to reduce the heterogeneity, the studies were stratified based on sample type into clinically sick and healthy animal samples. The sample, geographical zones and year meta-analysis results were given in Table 2 . 
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There was significant heterogeneity (p <0.01) among the 8 studies selected. Stratified by zones analysis revealed LA-MRSA prevalence were 12%, 8%, 6%, 8% and 16% in North, East, West, South and Central zones, respectively ,whereas only one study was reported from Central zone. When the five different zones were compared for the MRSA prevalence in India, the North and Central zone revealed high prevalence of MRSA than other zones. It indicated the importance of LA-MRSA in these zones in animals. The per year analysis revealed LA-MRSA prevalence were 6%, 12%, 13% and 8% for the period 2014, 2015, 2016 and 2017, respectively. Based on the per year prevalence, it showed increasing trend in the prevalence up to 2016 and declined during the year 2017 and but the number of studies on LA-MRSA prevalence showed increasing trend over the years.
LA-MRSA is probably not a major zoonotic and public health concern, we obtained an estimate of prevalence of 10% (7-13%) in animals which was lesser when compared to humans, where the prevalence conferring genes in antibiotic susceptible organisms as reported (Goldstein et al., 2012) . Hence, it is imperative to improve sanitation systems to eliminate resistant bacteria in wastewater as stated previously (Economou and Gousia, 2015) . The pooled prevalence of MRSA from clinical samples was higher than healthy animal samples. This could be due to imprudent use of antibiotics used to treat the clinical condition as described earlier (Kumar et al., 2011) . Therefore, it is very important to implement a systematic application of an in vitro antibiotic susceptibility test prior to the use of antibiotics in both treatment and prevention of infections (Unakal and Kaliwal, 2010). MRSA strains have been observed to be multidrug resistant, such as aminoglycosides, macrolides, lincosamides, streptogramins and tetracyclines in animals There are several limitations to this study, first, some information was discarded, because only articles containing information on total number of samples, total LA-MRSA positive samples and method used for confirmation of MRSA were considered for the meta-analysis. Second, another limitation is that most studies (14 out of 21) were based in clinical samples, which may not be representative of the population.
Third, among the 21 included studies, the sample size, sample type, species from which the sample was drawn and sampling method varied. Hence, due to difference in sensitivity of test used and sample type the prevalence rates may vary between the studies.
Conclusion
To the best of our knowledge, the current study is the first systematic review and meta-analysis of the prevalence of LA-MRSA among animal samples from India. The pooled prevalence of MRSA in animals in India was found to be 10% which is lower than that of MRSA prevalence in humans. However, cautious use of antibiotics in veterinary medicine, awareness campaigns and maintenance of fundamental hygiene is necessary to control MRSA prevalence in India. The higher prevalence rate of MRSA in clinical samples, in comparison with healthy samples clearly depicts the rise of MRSA due to overuse and abuse of antibiotics to treat the clinical conditions in animals. Geographical Zones indicated higher prevalence in north and
